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 There are many water pumping power systems that exist nowadays relying 
on conventional and renewable energy sources such as mechanical 
windmills, solar photovoltaic (PV) panels, wind turbines, and diesel 
generators. Few designs utilize thermoelectric modules for the purpose of 
enhancing the reliability and the performance of the system in order to 
provide water supply to isolated zones continuously. The use of 
thermoelectric (TE) modules is increasing due to their reduced prices and the 
possibility of using them in different applications depending on the required 
specifications of motors and other connected loads. This paper proposes a 
renewable energy system design for water pumping applications in Sharjah 
(Latitude 25. 29𝑜N and Longitude 55𝑜E), United Arab Emirates. The system 
involves TE modules for operating the three-phase AC water pumping motor, 
voltage regulator, voltage boost converter, and three-phase power inverter 
while considering the changes of temperature values which affect the 
performance of the thermoelectric generator (TEG) modules. The aim is 
integrating TEG modules to cover the increasing demand of water in rural 
areas since rainy days in Sharjah are limited and the temperature is high. The 
performances of the proposed system will be demonstrated using Simulink 
simulations for the overall blocks of the proposed system. 
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1. INTRODUCTION  
Sharjah (Latitude 25. 29𝑜N and Longitude 55𝑜E) is located within the Arabian Desert which lies 
within the Solar-Belt of the earth. In order to cover the increasing annual demand of energy while 
considering that location advantage in terms of temperature due to sunny weather, clean and renewable 
energy sources can be introduced as an alternative solution rather than conventional sources of energy (fuel 
and diesel) that cause harmful emissions (greenhouse gases effect). Renewable energy systems can be used in 
wide variety of applications in far and isolated areas as well as rural zones such as water pumping, air 
conditioning systems, and irrigation [1]. The main challenges that face renewable energy systems are related 
to weather conditions that can change any time suddenly and unexpectedely during the day such as solar 
irradiance, temperature, wind speed, and humidity [2]-[6]. In order to solve these problems, battery 
management and weather forecasting systems can be included in order to predict solar irradiance based on 
weather condition parameters [7]-[13].  
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Power system designs that involved thermoelectric generator (TEG) modules were investigated in 
many studies. Some designs in [14], [15] focused on the feasibility of photovoltaic-thermoelectric generator 
(PV-TEG) hybrid modules by simulation. They discovered the possibility of increasing the efficiency by 
increasing the TEG’s figure of merit value and reducing the internal resistance. A design in [16] investigated 
the effect of weather conditions on the performance of a hybrid system that involved TEG modules. A design 
in [17] studied a system that involved TEG modules under the weather conditions of multiple cities in 
Europe. They concluded that summer weather conditions result in larger power output. A design in [18] 
relied on weather data of one day in Nanjing, China for performance analysis of a system that involved TEG 
modules. They found out that the performance is better in terms of efficiency between 11:00 to 13:00. 
Water pumping power systems were studied before. An unconcentrated photovoltaic-thermoelectric 
generator (PV-TEG) hybrid system was designed based on the load requirement of an indoor farm while 
considering Malaysia’s weather conditions in [19]. A wind/PV system was proposed using off-grid wind 
turbine and solar panels for water pumping systems [20]. A study was presented for a developed assessment 
methodology for a PV/battery power system. The system utilized the dumbed power for secondary 
applications such as water pumping [21]. A solar PV water pumping system was proposed using helical 
pump a deep well in [22]. The system was proposed under the meteorological conditions of Saudi Arabia 
using four different PV configurations. Hybrid maximum power point tracking (MPPT) controlled 
solar/wind, solar/wind/diesel, and solar/FC power system designs were proposed for water pumping 
applications with fuzzy energy management and weather forecasting in [23]-[25]. The primary objective of 
the proposed system is simulating the TEG energy system to cover the increasing demand of water in isolated 
areas in Sharjah. The goal is using weather forecasting to obtain temperature values in order to maintain 
stable operation for the TEG system despite the changes in these values. 
 
 
2. RESEARCH METHOD  
A thermoelectric generator (TEG) is a solid-state device. It does not have any moving component. It 
can be integrated with other applications and systems because of that advantage. TEG is utilized in waste 
heat recovery applications because of its operation mechanism that converts heat into electricity. 
Thermoelectric materials are semiconductors. They produce electric current due to the temperature 
difference between two different surfaces: the hot side and the cold side. Figure 1 shows an example of a 
thermoelement that is obtained from conjunction of p-type and n-type semiconductors. Multiple 
thermoelements can be connected in series. This results in larger obtained voltage. When multiple 
thermoelements are connected in parallel, the thermal resistance decreases. Figure 2 shows equivalent circuit 





Figure 1. Thermo element components Figure 2. Thermoelectric module equivalent circuit 
 
 
The absorbed heat by the thermoelectric (TE) module hot side QH and the liberated heat by the cold 
side QC are being as [26]-[28]: 
 
𝑄𝐻 = 𝛼𝐼𝑇𝐻 + 𝑘(𝑇𝐻 − 𝑇𝑐) − 0.5𝑅𝐼
2 (1) 
 
𝑄𝐶 = 𝛼𝐼𝑇𝐶 + 𝑘(𝑇𝐻 − 𝑇𝑐) − 0.5𝑅𝐼
2 (2) 
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where 𝛼 is the Seebeck coefficient, 𝑅 is the internal resistance, and 𝑘 represents the thermal conductance. 
The output power can be obtained using the current 𝐼 and the voltage 𝑉 is being as: 
 
𝑃 = 𝐼𝑉 = 𝑄𝐻 − 𝑄𝐶 = 𝛼𝐼(𝑇𝐻 − 𝑇𝑐) − 𝑅𝐼
2 (3) 
 
The voltage can be expressed as:  
 
𝑉 = 𝛼(𝑇𝐻 − 𝑇𝑐) − 𝑅𝐼 (4) 
 
The proposed water pumping power system block diagram is demonstrated in Figure 3. The system 
uses the TEG module 1MD10-037-05 which is produced by “RMT” company. The simulation used the 
parameters of the real TEG module such as 0.027 mV/K seebeck coefficient. The proposed system has 15 
parallel blocks of TEG modules. Each parallel block has 400 TEG modules connected in series. The system 
involves voltage regulator block in order to obtain 12 V constant voltage value from the variable TEG DC 
voltage which changes because of the changes in temperature values throughout the day. The regulator 
contains three resistors, one operational amplifier, and one transistor. The obtained constant voltage is 
increased using voltage boost converter block in order to increase the voltage to be close to 380 V direct 
current (DC). The voltage boost converter contains an insulated gate bipolar transistor (IGBT), a resistor, an 
inductor, a diode, and a pulse width modulation (PWM) signal that is connected to the IGBT. The obtained 
voltage from the boost converter block is converted to three-phase AC voltage using three-phase power 
inverter block. It contains metal–oxide–semiconductor field-effect transistor (MOSFET) universal bridge and 
SVPWM generator, the inverter is used to obtain three-phase 380 V AC from the DC input voltage to power 
the AC three-phase motor. The obtained three-phase AC voltage is used to power the three-phase electrical 
water pump AC motor in order to obtain constant speed regardless the changes in temperatures values that 
affect the TEG modules. 
 
 
3. RESULTS AND DISCUSSION 
The Simulink blocks that were used to simulate the proposed water pumping system are shown in 
the power system block diagram in Figure 3. In order to simulate the performance of the TEG system, the 
cold side temperature was fixed at 20 Celsius while the hot side temperature was varied according to the 
measured temperature of a sunny day in Sharjah during summer period (June). Heat sink components can be 
used for the purpose of fixing the temperature of the TEG cold side. Table 1 shows the cold and hot side 
temperature values. The used TEG module provides optimum power output values of 0.46 W, 0.11 W, and 
0.009 W when the cold side temperature is fixed at 27 Celsius and the hot side temperature values are 85, 55, 
and 35 Celsius respectively as per the datasheet. The number of TEG modules was chosen based on the 
average output power that varies between 0.009 W and 0.11 W as per the obtained values of temperature. 
The corresponding open circuit voltage values are 0.93 V, 0.44 V, and 0.13 V respectively while the 
resistance values in Ohms are 0.47, 0.44, and 0.42 respectively. The selected resistance value was close to 
0.44 Ohm in the proposed design according to the information in the datasheet. The dimensions of the TEG 
module are 13.6x8.6x1.6 mm. 
Figures 4 and 5 show the obtained DC current and voltage values of the TEG modules. The 
corresponding obtained power is shown in Figure 6. The maximum and minimum values of the obtained 
current are 19.4 A and 15.1 A respectively while the maximum and minimum DC voltage values are 77 V 
and 60.5 V respectively. The maximum and minimum obtained output power from the TEG modules are  
920 W and 1490 W. Table 2 demonstrates the output values of the TEG modules. The maximum output 
power was obtained at the middle of the day since the temperature is high during afternoon time. The output 
voltage from the voltage regulator was maintained constant at 12 V as shown in Figure 7 regardless the 
changes in temperature values. The voltage was raised using the voltage boost converter block to obtain 
larger DC voltage value that is close to 380 V as shown in Figure 8. The raised DC voltage was converted to 
380 AC by the power inverter block as shown in Figure 9. 
Figures 10 and 11 show the obtained output speed and torque of the three-phase AC motor. The 
output motor is a 0.75 kW low pressure three-phase AC motor that has applications in wastewater treatment, 
water treatment solutions, and pharmaceutical industry. The motor can also be operated at 415 V and 440 V. 
The speed value was close to 166wm while the toque value was close to 11.9 Nm. It can be noted that the 
speed and torque were maintained constant despite the changes in temperature. The novelty of this proposed 
design is that it relies only on TEG modules for the purpose of delivering constant power to the water pump 
AC motor to obtain constant speed. The proposed water pumping power system can be used to provide 
reliable water source to isolated or remote areas in Sharjah since it relies on TEG modules that can operate 
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during day and night times based on temperate values. In order to implement the proposed TEG water 
pumping system, the components in Figure 12 can be used which involve the three-phase water pumping 
motor, the voltage regulator, the voltage boost converter, the DC to AC power inverter, and the 1MD10-037-






Figure 3. The proposed water pumping system blocks 
 
 
Table 1. The used temperature values for the TEG hot and cold sides 















Figure 4. The obtained DC current of the TEG 
modules 
 
Figure 5. The obtained DC voltage of the TEG 
modules 
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Figure 6. The obtained output power 
 
 
Table 2. The output values of the TEG modules at the chosen temperature values 
Maximum and minimum output DC values at the chosen hot side temperature One TEG module The used TEG modules 
Voltage 0.13-0.44 V 60.5-77 V 
Current 0.07-0.25 A 15.1-19.4 A 





Figure 7. The DC voltage output from the voltage 
regulator 
 






Figure 9. The output of the power inverter 
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Figure 10. The output AC motor speed 
 





Figure 12. Building the proposed TEG water pumping system 
 
 
Table 3. Cost analysis of the proposed system 
Component Approximated cost in USD 
TEG modules $65753 
Voltage regulator $26 
Voltage boost converter $16 
Power inverter $822 
Three-phase motor $323 
Total cost $66940 
 
 
4. CONCLUSION  
The paper presented a renewable energy power system design for water pumping applications. The 
system uses 400 TE modules in each of the 15 parallel TEG blocks. The modules are used to operate a three-
phase AC water pumping motor. Other components that were involved in the system design are DC voltage 
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regulator to obtain constant 12 V DC voltage, DC voltage boost converter to raise the constant DC voltage to 
be close to 380 V, and DC to AC three-phase power inverter to obtain 380 V AC voltage for powering the 
AC three-phase motor. The proposed renewable energy system was simulated using Simulink to demonstrate 
the performance of the proposed system under different temperature values. The speed of the AC water pump 
motor was maintained at constant value close to 166 wm while the toque was maintained at 11.9 Nm. The 
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